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DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for 
Phase  I  investigations,  copies  of  these  guidelines  may  be 
obtained  from  the  Office  of  Chief  of  Engineers,  Washington, 

D.  C.  20314.  The  purpose  of  a  Phase  I  investigation  is  to 
identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dam  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation  and  analyses  involving 
topograhic  mapping,  subsurface  investigations,  testing,  and 
detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  investigation;  however,  the  investigation  is  intended 
to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of 
field  conditions  at  the  time  of  inspection  along  with  data 
available  to  the  inspection  team. 

It  is  important  to  note  that  the  condition  of  a  dam  depends 
on  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be 
incorrect  to  asstime  that  the  present  condition  of  the  dam 
will  continue  to  represent  the  condition  of  the  dam  at  some 
point  in  the  future.  Only  through  frequent  inspections  can 
unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or 
corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  guidelines,  the  spillway  design  flood  is  based 
on  the  estimated  "Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff),  or  fractions 
thereof.  The  spillway  design  flood  provides  a  measure  of 
relative  spillway  capacity  and  serves  as  an  aid  in  deter¬ 
mining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  con¬ 
dition,  and  the  downstream  damage  potential. 
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ABSTRACT 

Macham  Dam:  NDI  I.D.  No.  PA-00043 


Owner: 

State  Located: 
County  Located: 
Stream: 

Inspection  Date: 
Inspection  Team: 


Manley  and  Afton  Chamberlain 

Pennsylvania  (PennDER  I.D.  No.  8-56) 

Bradford 

Wolcott  Creek 

22  April  1980 

GAI  Consultants,  Inc. 

570  Beatty  Road 

Monroeville,  Pennsyl vania  15146 


Based  on  a  visual  inspection,  operational  history,  and 
available  engineering  data,  the  dam  is  considered  to  be  in 
fair  condition. 

The  size  classification  of  the  facility  is  small  and  its 
hazard  classification  is  considered  to  be  high.  In  accord¬ 
ance  with  the  recommended  guidelines,  the  Spillway  Design 
Flood  (SDF)  for  the  facility  ranges  between  the  1/2  PMF 
(Probable  Maximum  Flood)  and  the  PMF.  Due  to  the  high  po¬ 
tential  for  damage  to  downstream  structures  and  possible 
loss  of  life,  the  SDF  is  considered  to  be  the  PMF.  Results 
of  the  hydrologic  and  hydraulic  analysis  indicate  the  fa¬ 
cility  will  pass  and/or  store  only  about  43  percent  of  the 
PMF  prior  to  embankment  overtopping..  A  breach  analysis 
indicates  that  failure  under  less  than  1/2  PMF  conditions 
could  lead  to  increased  downstream  damage  and  potential  for 
loss  of  life.  Thus,  based  on  the  screening  criteria  con¬ 
tained  in  the  recommended  guidelines,  the  spillway  is  con¬ 
sidered  to  be  seriously  inadequate  and  the  facility  unsafe, 
non-emergency . 

It  is  recommended  that  the  owner  immediately: 

a.  Develop  a  formal  emergency  warning  system  to 
notify  downstream  residents  should  hazardous  conditions 
develop.  Included  in  the  plan  should  be  provisions  for 
around-the-clock  surveillance  of  the  facility  during  periods 
of  unusually  heavy  precipitation. 
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PHASE  Z  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
MACHAM  DAM 

NDI#  PA-00043 ,  PENNDER#  8-56 
SECTION  1 

GENERAL  INFORMATION 


1.0  Authority. 

The  Dam  Inspection  Act,  Public  Law  92-367,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  initiate  a  program  of  inspection  of  dams  throughout  the 
United  States. 

1.1  Purpose . 

The  purpose  is  to  determine  if  the  dam  constitutes  a 
hazard  to  human  life  or  property. 

1.2  Description  of  Project. 

a.  Dam  and  Appurtenances.  Macham  Dam  is  an  earth 
embankment  approximately  19  feet  high  and  575  feet  long, 
including  spillway.  The  facility  is  provided  with  an  uncon¬ 
trolled,  rectangular,  concrete  chute  channel  spillway  located 
at  the  left  abutment.  The  spillway  is  constructed  with  a 
75-foot  long,  broad  crested  weir  having  a  35-foot  breadth. 
Drawdown  capability  is  provided  by  means  of  an  18-inch 
diameter  reinforced  concrete  conduit  controlled  at  the  inlet 
by  an  18-inch  diameter  sluice  gate. 

b .  Location.  Macham  Dam  is  located  on  Wolcott  Creek 
in  Athens  Township ,  Bradford  County,  Pennsylvania.  The 
structure  is  situated  at  the  intersection  of  Wolcott  Hollow 
and  Kellogg  Roads  approximately  five  miles  west  of  Greenes 
Landing,  Pennsylvania.  The  dam,  reservoir,  and  watershed 
are  located  within  the  Sayre  and  Bentley  creek,  Pennsylvania 
7.5  minute  U.S.G.S.  topographic  quadrangles  (see  Figures  1 
and  2,  Appendix  E).  The  coordinates  of  the  dam  are  N41° 

55.2'  and  W76°  37.2' . 

c.  Size  Classification.  Small  (19  feet  high,  550  acre- 
feet  storage  capacity  at  top  of  dam. 

d.  Hazard  Classification.  High  (see  Section  3.1.e). 

e.  Ownership .  Manley  and  Afton  Chamberlain 

Box  122 

R.D.  2 

Wellsburg,  N.Y.  14894 


f.  Purpose .  Recreation. 

h.  Historical  Data.  Macham  Dam  is  owned  by  Manley 
and  Afton  Chamberlain,  a  father  and  son  partnership  who 
conceived  the  project  in  the  early  1960's  as  a  private 
recreational  facility.  Herluf  T.  Larsen  of  Harrisburg, 
Pennsylvania  conducted  a  complete  soils  and  foundation 
investigation  while  David  C.  Meyer,  P.E.  of  Sayre,  Pennsyl¬ 
vania  performed  the  actual  design  of  the  facility.  A  con¬ 
struction  permit  was  issued  by  the  state  in  May  1966.  The 
facility  was  built  entirely  by  the  Chamberlains  who  apparently 
worked  on  weekends  and  in  their  spare  time  and  was  eventually 
completed  in  November  1970.  No  major  modifications  have 
been  made  to  the  facility  since  its  completion. 


1.3  Pertinent  Data. 

a.  Drainage  Area  ( square  miles ) .  2.4 

h.  Discharge  at  Dam  Site. 

Discharge  Capacity  of  Outlet  Conduit  -  Discharge 
curves  are  not  available. 


Discharge  Capacity  of  Spillway  at  Maximum  Pool  s 
2430  cfs  (see  Appendix  D,  Sheet  10). 

c.  Elevation  ( feet  above  mean  sea  level ) .  The  fol¬ 
lowing  elevations  were  obtained  from  design  drawings  and 
field  measurements  utilizing  a  base  datum  as  defined  in 
Appendix  D,  Sheet  2,  Note  2  (also  see  Appendix  D,  Sheet  1). 


Top  of  Dam 
Maximum  Design  Pool 
Maximum  Pool  of  Record 
Normal  Pool 
Spillway  Crest 
Upstream  Inlet  Invert 
Downstream  Outlet  Invert 
Streambed  at  Dam  Centerline 
Maximum  Tailwater 


1309.0 

1309.0 

1305.0  (Oct.  1975) 

1304.0 

1304.0 

1290.5 

1289.9 

1290.0 

Not  known. 


d.  Reservoir  Length  (feet). 

Top  of  Dam  3000 

Normal  Pool  2700 


2 


550 

310 

240 


Top  of  Dam 
Normal  Pool 
Design  Surcharge 


Reservoir  Surface  ( acres ) . 


Top  of  Dam 

52 

Normal  Pool 

44 

Dam. 

Type 

Homogeneous  earth. 

Length 

500  feet  (excluding 
spillway) . 

Height 

19  feet  (field 
measured;  embankment 
crest  to  downstream 
outlet  invert). 

Top  Width 

15  feet. 

Upstream  Slope 

2 . 5H : 1 V  (field). 
3H:1V  (design). 

Downstream  Slope 

2H:  IV 

Zoning 

Homogeneous  earth 
( see  Figure  5 ) . 

Impervious  Core 

None  indicated. 

Cutoff 

Trapezoidal  shaped 
cutoff  trench  eight 
feet  wide  at  the 
base  with  1H:1V  side 
slopes  located  just 
upstream  of  the 
embankment  center- 
line  ( see  Figure  5 ) . 

Grout  Curtain 

None  indicated. 

Diversion  Canal  and 

Lli-  ilf  1.14 1  it  *  t'  1 1'  ?' U l 

None. 

i.  Spillway. 

Type 

Crest  Elevation 
Crest  Length 

j .  Outlet  Conduit. 

Type 

Length 

Closure  and  Regulating 
Facilities 

Access 


Uncontrolled,  rec- 
tangul ar ,  concrete 
chute  channel  with  a 
broad  crested  weir. 

1304.0  feet. 

75  feet. 


18-inch  diameter 
reinforced  concrete 
conduit. 

88  feet. 


Flow  through  the 
outlet  is  controlled 
via  18-inch  diameter 
sluice  gate  at  the 
inlet. 

Access  bridge  repor¬ 
tedly  toppled  by  ice 
pressure  (May  1973 
photo  indicates 
bridge  down).  Valve 
operation  would 
currently  require 
divers . 


SECTION  2 
ENGINEERING  DATA 


2.1  Design. 

a.  Design  Data  Availability  and  Sources.  A  subsur¬ 
face  investigation  entitled,  "Soils  and  Foundation  Report  on 
Site  of  Proposed  Macham  Dam,"  was  prepared  by  Herluf  T. 
Larsen,  Consulting  Engineer  of  Harrisburg,  Pennsylvania  in 
1965  and  is  available  from  PennDER  files .  No  formal  design 
reports  or  calculations  are  available  for  the  embankment  or 
its  appurtenances.  Limited  data  pertaining  to  the  design 
features  of  Macham  Dam  are  contained  within  PennDER  files  in 
the  form  of  design  drawings,  construction  progress  reports, 
dated  photographs  and  miscellaneous  correspondence.  A  state 
permit  report  dated  May  13,  1966  aptly  describes  the  perti¬ 
nent  design  features  of  the  facility. 

b.  Design  Features. 

1.  Embankment .  Information  contained  in  PennDER 
files  indicate  the  embankment  is  a  homogeneous  earthfill 
structure  composed  of  impervious  material  (glacial  till) 
placed  in  6-inch  layers  and  compacted  with  a  sheepsfoot 
roller.  A  trapezoidal  shaped  cutoff  trench  has  been  pro¬ 
vided  just  upstream  of  the  embankment  crest,  but,  parallel 
to  the  embankment  centerline.  The  trench  was  excavated  to  a 
minimum  depth  of  four  feet  with  an  8- foot  base  width  and 
1H: IV  side  slopes  (see  Figure  5).  The  design  slopes  of  the 
dam  are  3H:1V  on  the  upstream  face  and  2H:1V  on  the  down¬ 
stream  face.  The  design  crest  width  is  15  feet  and  along 
with  the  downstream  slope  is  vegetated  with  grass.  Design 
drawings  and  construction  photographs  indicate  that  upstream 
slope  protection  was  accomplished  by  utilizing  a  cementi¬ 
tious  soil  mixture.  A  4- inch  diameter  perforated  pipe  toe 
drain  is  indicated  on  Figure  4  at  the  extreme  downstream 
toe. 


c.  Appurtenant  Structures. 

a)  Spillway.  The  spillway  is  designed  as  an 
uncontrolled,  rectangular,  concrete  chute  channel  with  a 
broad  crested  overflow  weir.  The  design  crest  is  75  feet  in 
length  and  is  set  five  feet  below  the  top  of  the  wingwalls. 
Concrete  cutoff  walls  have  been  provided  on  each  side  of  the 
spillway  and  extend  into  the  embankment  and  left  abutment 
hillside  (see  Figure  4).  A  4-foot  deep  by  1-foot  thick 
cutoff  wall  at  the  discharge  end  of  the  spillway  is  discussed 
in  permit  correspondence  and  shown  on  Figure  4.  Photographs 
of  spillway  undercutting  taken  in  1973  indicate  the  cutoff 
was  not  constructed. 


b)  Outlet  Conduit.  The  outlet  conduit  is  an 
18-inch  diameter  reinforced  concrete  pipe  placed  in  a  rein¬ 
forced  concrete  cradle.  Flows  through  the  conduit  are 
controlled  by  means  of  an  18-inch  diameter  Rodney  Bunt 
circular  sluice  gate  at  the  inlet.  The  gate  is  designed  to 
be  operated  from  a  platform  built  on  a  steel  tower  and 
accessed  by  a  steel  bridge  from  the  embankment  crest  (see 
Figure  5 ) .  A  reinforced  concrete  stilling  basin  at  the 
outlet  end  is  indicated  also  in  Figure  5;  however,  field 
observations  indicate  it  was  not  constructed. 

c.  Specific  Design  Data  and  Criteria. 

1.  Hydrology  and  Hydraulics.  No  formal  design 
reports  or  calculations  are  available.  Information  con¬ 
tained  in  PennDER  files  indicates  the  spillway  was  designed 
in  accordance  with  state  requirements.  The  design  spillway 
capacity  was  reported  as  2530  cfs. 

2.  Embankment.  No  design  data  other  than  the 
specifications  included  in  Figure  4  are  available. 

3.  Appurtenant  Structures.  No  design  data  are 

available. 


2.2  Construction  Records. 

Design  drawings,  construction  progress  reports  prepared 
by  the  owners,  and  several  construction  photographs  are 
available  in  PennDER  files.  No  formal  records  of  construc¬ 
tion  compliance  are  available. 


2.3  Operational  Records. 

No  records  of  the  present  day-to-day  operation  of  the 
facility  are  maintained. 


2.4  Other  Investigations. 

PennDER  files  contain  brief  letters  concerning  state 
inspections  in  1973  and  1977  both  of  which  noted  erosion  at 
the  end  of  the  spillway.  No  other  formal  investigations 
have  been  performed  on  the  facility  since  its  completion. 


2.5  Evaluation. 

The  information  available  is  considered  adequate  to 
make  a  reasonable  Phase  I  assessment  of  the  facility. 
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SECTION  3 
VISUAL  INSPECTION 


3.1  Observations . 

a.  General.  The  general  appearance  of  the  facility 
suggests  the  dam  and  its  appurtenances  are  in  fair  condi¬ 
tion. 


b.  Embankment.  Observations  made  during  the  visual 
inspection  indicate  the  embankment  is  in  fair  condition.  No 
evidence  of  seepage  through  the  embankment  face,  excess 
settlements,  animal  burrows,  or  signs  of  maintenance  neglect 
were  observed  (see  Photograph  1).  Significant  sloughing  and 
erosion  is  evident  across  the  upstream  embankment  face  just 
above  normal  pool  ( see  Photographs  2  and  3 )  indicating  that 
the  soil-cement  slope  protection  has  been  ineffective. 

c.  Appurtenant  Structures. 

1.  Spillway.  The  visual  inspection  indicates 
the  spillway  is  in  fair  condition.  Several  weep  holes  in 
the  spillway  slab  are  debris  filled  and  deterioration  of  the 
concrete  surface  is  visible  throughout  the  entire  structure, 
particularly  along  the  wingwalls  (see  Photographs  4  and  6). 
Evidence  of  prior  damage  due  to  undercutting  of  the  discharge 
end  of  the  channel  was  observed  (see  Photograph  5).  Reme¬ 
dial  measures  appear  adequate;  however,  the  spillway  should 
be  observed  regularly,  especially  after  large  flows. 

2.  Outlet  Conduit.  The  outlet  conduit  is  consi¬ 
dered  to  be  in  fair  condition.  The  steel  access  bridge  from 
the  embankment  crest  to  the  gate  control  mechanism  was 
toppled  (presumably  by  ice  pressure)  several  years  ago  and 
has  not  yet  been  replaced.  As  a  result,  the  current  opera¬ 
bility  of  the  conduit  is  questionable.  The  stilling  basin 
indicated  on  Figure  5  was  not  constructed.  As  a  result, 
some  erosion  may  occur  upon  operating  the  outlet  conduit. 

d.  Reservoir  Area.  The  general  area  surrounding  the 
reservoir  is  characterized  by  gentle  to  moderate  slopes  that 
are  primarily  forested.  No  signs  of  slope  distress  were 
observed  ( see  Photograph  4 ) . 

e.  Downstream  Chamiel.  The  channel  downstream  of 
Macham  Dam  is  confined  within  a  narrow  valley  with  steep 
confining  slopes.  The  valley  contains  several  farms  which 
appear  sufficiently  above  the  streambed  so  as  to  not  be 
threatened  by  the  high  water  that  would  be  associated  with 
an  embankment  breach.  However,  approximately  five  miles 
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downstream,  at  Greenes  Landing,  a  mobile  trailer  park  is 
located  adjacent  the  stream  and  could  possibly  incur  exten¬ 
sive  damage,  including  loss  of  life,  as  the  result  of  an 
embankment  breach.  It  is  likely  that  as  many  as  50  persons 
could  be  affected  by  such  an  event.  Thus,  the  hazard  classi¬ 
fication  of  the  facility  is  considered  to  be  high. 


3.2  Evaluation. 

The  overall  appearance  of  the  facility  suggests  it  to 
be  in  fair  condition.  For  the  most  part,  the  facility  is 
adequately  maintained;  however,  remedial  steps  are  required 
to  repair  the  upstream  embankment  slope  and  protect  it 
against  future  erosion  from  wave  action.  Efforts  should 
also  be  undertaken  to  restore  full  operability  to  the  outlet 
conduit  control  valve  and  provide  easy  access  to  its  manual 
operator,  in  addition,  the  spillway  concrete  surfaces  are 
deteriorating  and  in  need  of  repair  while  the  weep  holes  in 
the  spillway  slab  should  be  cleaned  of  debris. 
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SECTION  4 

OPERATIONAL  PROCEDURES 


•a* 


4.1  Normal  Operating  Procedure. 

Macham  Dam  is  essentially  a  self-regulating  facility 
with  excess  inflow  automatically  discharged  through  the 
uncontrolled  spillway  located  at  the  left  abutment.  The 
outlet  conduit  is  not  operated  on  a  regular  basis  nor  are 
there  any  formal  operating  procedures.  No  formal  operations 
manual  is  available. 


4.2  Maintenance  of  Dam. 

The  embankment  is  maintained  on  an  unscheduled  and 
informal  basis.  Basic  maintenance  such  as  mowing  the  embank¬ 
ment  and  keeping  the  spillway  clear  is  performed  by  the 
owner  at  his  convenience..  Major  maintenance  such  as  provid¬ 
ing  adequate  upstream  slope  protection,  restoring  the  outlet 
access  bridge,  and  repairing  damaged  spillway  concrete,  has 
been  avoided  apparently  due  to  the  time  and  cost  required  to 
alleviate  the  conditions.  No  formal  maintenance  manual  is 
available. 


4.3  Maintenance  of  Operating  Facilities. 

No  maintenance  has  apparently  been  performed  on  the 
outlet  conduit  since  the  completion  of  the  project. 


4.4  Warning  System. 

No  formal  warning  system  is  in  effect. 


4.5  Evaluation. 

Routine  maintenance  of  the  facility  appears  adequate; 
however,  installation  of  adequate  riprap,  restoration  of  the 
outlet  conduit  access  bridge  and  repairs  to  concrete  sur¬ 
faces  in  the  spillway  are  required.  Formal  manuals  of 
maintenance  and  operation  are  also  recommended  to  ensure 
that  all  needed  maintenance  is  identified  and  performed 
annually  regardless  of  its  size  and  scope.  In  addition,  a 
formal  warning  system  for  the  protection  of  downstream 
inhabitants  should  be  developed.  Included  in  the  plan 
should  be  provisions  for  around-the-clock  surveillance  of 
the  facility  during  periods  of  unusually  heavy  precipi¬ 
tation. 
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SECTION  S 

HYDROLOGIC/HYDRAULIC  EVALUATIONS 


5.1  Design  Data. 

No  foraal  design  reports  or  calculations  are  available. 
Information  contained  in  PennDER  files  indicates  the  spill¬ 
way  was  designed  in  accordance  with  state  requirements.  The 
design  spillway  capacity  was  reported  as  2530  cfs. 


5.2  Experience  Data. 

Information  gathered  from  discussions  with  the  owner 
indicate  the  largest  flood  of  record  at  Macham  Dam  occurred 
in  October  1975.  At  that  time,  flow  over  the  spillway  weir 
was  estimated  at  approximately  1-foot  (the  spillway  provides 
5.0  feet  of  freeboard  at  the  weir).  The  facility  reportedly 
functioned  adequately  during  the  event;  however,  some  damage 
was  incurred  when  a  portion  of  the  discharge  end  of  the 
spillway  was  undercut  and  collapsed.  The  spillway  has  been 
subsequently  repaired  by  removing  the  damaged  concrete 
section  and  replacing  it  with  large  boulders  (see  Photo¬ 
graph  5 ) . 


5.3  Visual  Observations. 

On  the  date  of  the  inspection,  no  conditions  were 
observed  that  would  indicate  the  spillway  could  not  function 
satisfactorily  during  a  flood  event,  within  the  limits  of 
its  design. 


5.4  Method  of  Analysis. 

The  facility  has  been  analyzed  in  accordance  with  the 
procedures  and  guidelines  established  by  the  U.s.  Army, 
Corps  of  Engineers,  Baltimore  District,  for  Phase  I  hydro- 
logic  and  hydraulic  evaluations.  The  analysis  has  been 
performed  utilizing  a  modified  version  of  the  HEC-1  program 
developed  by  the  U.S.  Army,  Corps  of  Engineers,  Hydrologic 
Engineering  Center,  Davis,  California.  Analytical  capa¬ 
bilities  of  the  program  are  briefly  outlined  in  the  preface 
contained  in  Appendix  D. 


10 


5.5  Summary  of  Analysis. 

a.  Spillway  Design  Flood  ( SDF ) .  In  accordance  with 
the  procedures  and  guidelines  contained  in  the  National 
Guidelines  for  Safety  Inspection  of  Dams  for  Phase  I  Inves¬ 
tigations,  the  Spillway  Design  Flood  (SDF)  for  Macham  Dam 
ranges  between  the  1/2  PMF  (Probable  Maximum  Flood)  and  the 
PMF.  This  classification  is  based  on  the  relative  size  of 
the  dam  (small),  and  the  potential  hazard  of  dam  failure  due 
to  downstream  developments  (high).  Due  to  the  high  poten¬ 
tial  for  damage  to  downstream  structures  and  possibly  loss 
of  life,  the  SDF  for  this  facility  is  considered  to  be  the 
PMF. 


b.  Results  of  Analysis.  Macham  Dam  was  evaluated 
under  near  normal  operating  conditions.  That  is,  the  res¬ 
ervoir  was  initially  at  its  normal  pool  or  spillway  eleva¬ 
tion  of  approximately  1304.0  feet,  with  the  spillway  weir 
discharging  freely.  The  outlet  conduit  was  assumed  to  be 
non- functional  for  the  purpose  of  analysis.  In  any  event, 
the  flow  capacity  of  the  outlet  conduit  is  not  such  that  it 
would  significantly  increase  the  total  discharge  capabilities 
of  the  dam  and  reservoir.  The  spillway  consists  of  a  rectan¬ 
gular  concrete  channel  with  discharges  controlled  by  a 
broad-crested  weir.  All  pertinent  engineering  calculations 
relative  to  the  evaluation  of  this  facility  are  provided  in 
Appendix  D. 

Overtopping  analysis  (using  the  Modified  HEC-1  Computer 
Program)  indicated  that  the  discharge/storage  capacity  of 
Macham  Dam  can  accommodate  only  about  43  percent  of  the  PMF 
(SDF)  prior  to  embankment  overtopping.  Under  PMF  condi¬ 
tions,  the  low  top  of  dam  was  inundated  for  about  4.8  hours, 
by  depths  of  up  to  1.5  feet.  Under  0.5  PMF  conditions,  the 
dam  was  inundated  for  about  1.8  hours  and  by  depths  of  up  to 
0.4  feet  above  the  low  top  of  dam  (Appendix  D,  Summary 
Input/Output  Sheets,  Sheet  G).  Since  the  SDF  for  Macham  Dam 
is  the  PMF,  it  can  be  concluded  that  the  dam  has  a  high 
potential  for  overtopping,  and  thus,  for  breaching  under 
floods  of  less  than  SDF  magnitude. 

As  Macham  Dam  cannot  safely  accommodate  a  flood  of  at 
least  1/2  PMF  magnitude,  the  possibility  of  embankment 
failure  under  floods  of  less  than  1/2  PMF  intensity  was 
investigated  (in  accordance  with  Corps  directive  ETL-1110-2-234) . 
Several  possible  alternatives  were  examined,  since  it  is 
difficult,  if  not  impossible,  to  determine  exactly  how  or  if 
a  specific  dam  will  fail.  The  major  concern  of  the  breaching 
analysis  is  with  the  impact  of  the  various  breach  discharges 
on  increasing  downstream  water  surface  elevations  above 
those  to  be  expected  if  breaching  did  not  occur. 
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The  Modified  HEC-1  Computer  Program  was  used  for  the 
breaching  analysis,  with  the  assumption  that  the  breaching 
of  an  earth  dam  would  begin  once  the  reservoir  level  reached 
the  low  top  of  dam  elevation.  Also,  in  routing  the  outflows 
downstream,  the  channel  bed  was  assumed  to  be  initially  dry. 

Five  breach  models  were  analyzed  for  Macham  Dam. 

First,  two  sets  of  breach  geometry  were  evaluated  for  each 
of  two  failure  times.  The  two  sets  of  breach  sections 
chosen  were  considered  to  be  the  minimum  and  maximum  pro¬ 
bable  failure  sections.  The  two  failure  times  (total  time 
for  each  breach  section  to  reach  its  final  dimensions)  under 
which  the  two  breach  sections  were  investigated  were  assumed 
to  be  a  rapid  time  (0.5  hours)  and  a  prolonged  time  (4.0 
hours),  so  that  a  range  of  this  most  sensitive  variable 
might  be  examined.  In  addition,  an  average  possible  set  of 
breach  conditions  was  analyzed,  with  a  failure  time  of  2.0 
hours  (Appendix  D,  Sheet  16). 

The  peak  breach  outflows  (resulting  from  0.45  PMF 
conditions)  ranged  from  about  2570  cfs  for  the  minimum 
section-maximum  failure  time  scheme  to  about  20,280  cfs  for 
the  maximum  section-minimum  failure  time  scheme  (Appendix  D, 
Sheet  18 ) .  The  peak  outflow  resulting  from  the  average 
breach  scheme  was  about  6180  cfs,  as  compeared  to  the  non¬ 
breach  0.45  PMF  peak  outflow  of  approximately  2570  cfs 
(Summary  Input/Output  Sheets,  Sheets  0  and  G). 

Two  potential  centers  of  damage  were  investigated  in 
the  analysis.  The  primary  area  of  concern  is  at  Section  6 
(see  Figure  2),  about  5.4  miles  downstream  from  the  dam, 
where  a  trailer  park  is  located.  At  this  section,  the  peak 
water  surface  elevations  corresponding  to  the  maximum  section- 
minimum  fail  time  scheme  and  the  average  breach  scheme  were 
approximately  3.4  feet  and  1.8  feet  above  the  non-breach 
elevations,  respectively,  and  well  above  the  damage  level  of 
the  trailers  (see  Appendix  D,  Sheet  19). 

Another  potential  center  of  damage  is  located  at  Sec¬ 
tion  2  (Figure  2),  about  3,560  feet  downstream  from  Macham 
Dam.  The  nearby  residences  were  found  to  be  well  above  the 
maximum  levels  of  the  breach  outflows.  However,  a  dairy 
bam  was  inundated  by  depths  of  up  to  2.4  feet  under  the 
maximum  section-minimum  fail  time  scheme,  indicating  the 
potential  for  some  property  damage  should  the  dam  fail 
(Appendix  D,  Sheet  19). 

The  consequences  of  dam  failure  can  be  better  envi¬ 
sioned  if  not  only  the  increase  in  the  height  of  the  flood- 
wave  is  considered,  but  also  the  great  increase  in  momentum 
of  the  larger  and  probably  swifter  moving  volume  of  water. 
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Therefore,  the  failure  of  Macham  Dan  would  most  likely  lead 
to  increased  property  damage  and  possibly  to  loss  of  life  in 
the  downstream  regions. 


5.6  Spillway  Adequacy. 

As  presented  previously,  Macham  Dam  can  accommodate 
only  about  43  percent  of  the  PMF  (SDF)  prior  to  embankment 
overtopping.  Should  a  0.45  PMF  or  larger  event  occur,  the 
dam  would  be  overtopped  and  would  possibly  fail,  endangering 
downstream  residences  and  increasing  the  potential  for  loss 
of  life  in  the  downstream  regions.  Therefore,  the  spillway 
is  considered  to  be  seriously  inadequate. 
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SECTION  6 

EVALUATION  OF  STRUCTURAL  INTEGRITY 


6-1  Visual  Observations. 

a.  Embankment.  Based  on  visual  observations,  the 
embankment  is  in  fair  condition.  Significant  sloughing  and 
erosion  observed  along  the  upstream  embankment  slope  could 
eventually  deteriorate  into  a  major  threat  to  embankment 
stability,  if  neglected.  Consequently,  immediate  measures 
should  be  taken  to  repair  the  slope  and  adequately  protect 
it  against  future  damage. 

b.  Appurtenant  Structures. 

1.  Spillway.  The  spillway  is  considered  to  be 
in  fair  condition.  Concrete  deterioration,  particularly 
spalling  at  the  joints,  is  considered  significant  and  should 
be  repaired.  Weep  holes  in  the  spillway  slab  should  also  be 
cleaned  to  permit  dissipation  of  uplift  pressures. 

2.  Outlet  Conduit.  Prior  to  the  collapse  of  the 
access  bridge  several  years  ago  the  outlet  conduit  was 
reportedly  functional .  In  order  to  operate  the  conduit 
presently,  divers  would  be  required.  A  fully  functional 
outlet  conduit  is  considered  vital  to  the  safe  operation  of 
a  water  impounding  facility.  Consequently,  repairs  to  the 
access  bridge  and  outlet  conduit  control  mechanism  are 
recommended . 


6.2  Design  and  Construction  Techniques. 

Based  on  information  contained  in  PennDER  files,  it 
appears  that  the  structure  was  generally  designed  in  accor¬ 
dance  with  accepted  modern  engineering  practice  and  techni¬ 
ques;  however,  no  formal  design  reports  or  calculations  are 
available  for  review.  Design  and/or  construction  of  the 
soil-cement  riprap,  outlet  works  access  bridge  and  spillway 
end  sill  are  questionable  in  light  of  their  performance 
records . 

Available  correspondence  and  photographs  indicate  that 
the  methods  of  construction,  although  particularly  slow, 
were  found  to  be  acceptable  to  state  inspectors  who  were 
charged  with  reviewing  the  work.  A  memo  dated  June  26,  1970 
does  note,  however,  that  the  quality  of  concrete  work  was 
poor  and  the  embankment  fill  very  rocky.  At  that  time  these 
conditions  were  found  acceptable  due  to  the  lack  of  down¬ 
stream  development.  The  number  of  downstream  inhabitants 


has  increased  significantly  since  1970  with  the  addition  of 
a  trailer  park  along  Wolcott  Creek  at  Greenes  Landing. 


6.3  Past  Performance . 

No  formal  records  of  past  performance  are  available. 
Information  gathered  from  discussions  with  the  owner  indi¬ 
cate  the  largest  flood  of  record  at  Macham  Dam  occurred  in 
October  1975.  At  that  time,  flow  over  the  spillway  weir  was 
estimated  at  approximately  1-foot  (the  spillway  provides 
5.0  feet  of  freeboard  at  the  weir).  The  facility  reportedly 
functioned  adequately  during  the  event;  however,  some  damage 
was  incurred  when  a  portion  of  the  discharge  end  of  the 
spillway  was  undercut  and  collapsed.  No  other  flood  damage 
has  ever  been  recorded. 


6.4  Seismic  Stability. 

The  dam  is  located  in  Seismic  Zone  No.  1  and  may  be 
subject  to  minor  earthquake  induced  dynamic  forces.  As  the 
facility  appears  well  constructed  and  sufficiently  stable, 
it  is  believed  that  it  can  withstand  the  expected  dynamic 
forces;  however,  no  calculations  and/or  investigations  were 
performed  to  confirm  this  opinion. 
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SECTION  7 

ASSESSMENT  AND  RECOMMENDATIONS  FOR  REMEDIAL  MEASURES 


7.1  Dam  Assessment. 

a.  Safety.  The  visual  inspection  suggests  the  faci¬ 
lity  is  in  fair  condition. 

The  size  classification  of  the  facility  is  small  and 
its  hazard  classification  is  considered  to  be  high.  In 
accordance  with  the  recommended  guidelines,  the  Spillway 
Design  Flood  (SDF)  for  the  facility  ranges  between  the 
1/2  PMF  (Probable  Maximum  Flood)  and  the  PMF.  Due  to  the 
high  potential  for  damage  to  downstream  structures  and 
possible  loss  of  life,  the  SDF  is  considered  to  be  the  PMF. 
Results  of  the  hydrologic  and  hydraulic  analysis  indicate 
the  facility  will  pass  and/or  store  only  about  43  percent  of 
the  PMF  prior  to  embankment  overtopping.  A  breach  analysis 
indicates  that  failure  under  less  than  1/2  PMF  conditions 
could  lead  to  increased  downstream  damage  and  potential  for 
loss  of  life.  Thus,  based  on  the  screening  criteria  contained 
in  the  recommended  guidelines,  the  spillway  is  considered  to 
be  seriously  inadequate  and  the  facility  unsafe,  non-emergency. 

Deficiences  noted  by  the  inspection  team  included 
significant  sloughing  and  erosion  of  the  upstream  embankment 
face,  a  damaged  outlet  conduit  control  mechanism  and  inacces¬ 
sible  manual  operator  and,  a  deteriorating  concrete  spillway. 

b.  Adequacy  of  Information.  The  available  data  are 
considered  sufficient  to  make  a  reasonable  Phase  I  assess¬ 
ment  of  the  facility. 

c.  Urgency .  The  recommendations  listed  below  should 
be  implemented  immediately. 

d.  Necessity  for  Additional  Investigations.  Addi¬ 
tional  hydrologic/hydraulic  investigations  are  considered 
necessary  to  more  accurately  assess  the  adequacy  of  the 
spillway  system  of  the  facility. 


7.2  Recoramendations/Remedial  Measures. 

It  is  recommended  that  the  owner  immediately: 

a.  Develop  a  formal  emergency  warning  system  to 
notify  downstream  residents  should  hazardous  conditions 
develop.  Included  in  the  plan  should  be  provisions  for 
around-the-clock  surveillance  of  the  facility  during  periods 
of  unusually  heavy  precipitation. 
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b.  Retain  the  services  of  a  registered  professional 
engineer  experienced  in  the  hydraulics  and  hydrology  of  dams 
to  further  assess  the  adequacy  of  the  spillway  facilities 
and  take  remedial  measures  deemed  necessary  to  make  the 
facility  hydraulically  adequate. 

c.  Repair  the  eroded  upstream  embankment  slope  and 
provide  adequate  riprap  material  to  protect  it  against 
future  damage . 

d.  Repair  the  damaged  outlet  conduit  control  mechanism 
and  re-establish  access  to  the  manual  operator. 

e.  Clean  out  weep  holes,  fill  and  seal  all  cracks  and 
repair  spalled  portions  of  the  concrete  spillway. 

f.  Develop  formal  manuals  of  operation  and  main¬ 
tenance  to  ensure  the  future  proper  care  of  the  facility. 
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APPENDIX  A 

VISUAL  INSPECTION  CHECKLIST  AND  FIELD  SKETCHES 
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OUTLET  WORKS 
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EMERGENCY  SPILLWAY 
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APPROXIMATE  NUMBER  At  Greenes  Landing,  approximately  5  miles  downstream  of  the  dam,  a  mobile 
OF  HOMES  AND  trailer  park  is  located  adjacent  the  stream.  It  is  estimated  that  about 

POPULATION  I  50  persons  could  inhabit  this  area. 
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ENGINEERING  DATA  CHECKLIST 
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MISCELLANEOUS 


GAI  CONSULTANTS,  INC. 


CHECKLIST  NDIID#pa~00043 

HYOROLOGIC  AND  HYDRAULIC  PENNDER  ID  #  9_56__ 

ENGINEERING  DATA 

SIZE  OF  DRAINAGE  AREA:  2.5  square  miles  . _ 

ELEVATION  TOP  NORMAL  POOL:  1304.0  STORAGE  CAPACITY:  310  acre-feet. _ 

ELEVATION  TOP  FLOOD  CONTROL  POOL:  I  STORAGE  CAPACITY: _ I - 

ELEVATION  MAXIMUM  DESIGN  POOL:  1309.0  STORAGE  CAPACITY:  55p  a<ar.g.-.€ss.t.r 
ELEVATION  TOP  DAM:  1309-°  STORAGE  CAPACITY:  550  acre-feet. _ 

SPILLWAY  DATA 

CREST  ELEVATION:  1304-°  feet- - - 

TYPE:  Uncontrolled,  rectangular,  concrete  chute  channel. _ 

C REST  LENGTH:  75  £ee^  - - - - - 

CHANNEL  LENGTH:  140  feet  (includes  approach  and  discharge  channels)  . 

SPILLOVER  LOCATION:  Left  abutment. _ _ _ _ — _ 

NUMBER  AND  TYPE  OF  GATES:  None.  - 

OUTLET  WORKS 

jypg-  18-inch  diameter  reinforced  concrete  pipe. 

LOCATION:  Near  embankment  center. _ _ _ 

ENTRANCE  INVERTS:  1290-5  feet. _ _ _ 

EXIT  INVERTS:  1289.5  feet.  _ _ — _ 

EMERGENCY  DRAWDOWN  FACILITIES:  18-inch  diameter  stainless  steel _ 

gate  valve  at  inlet  end. 

HYDROMETEOROLOGICAL  GAGES 

TYP£;  None.  _ _ _ __________________ 

LOCATION:  __z _ _ _ _ _ _ _ 

RECORDS:  _ =, _ _ _ _ _ _ _ 

MAXIMUM  NON-DAMAGING  DISCHARGE:  Not  kn.own- - 
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APPENDIX  D 

HYDROLOGY  AND  HYDRAULICS  ANALYSES 


PREFACE 


The  modified  HEC-1  program  is  capable  of  performing  two 
basic  types  of  hydrologic  analyses:  1)  the  evaluation  of 
the  overtopping  potential  of  the  dam;  and  2)  the  estimation 
of  the  downstream  hydrologic-hydraulic  consequences  result¬ 
ing  from  assumed  structural  failures  of  the  dam.  Briefly, 
the  computational  procedures  typically  used  in  the  dam  over¬ 
topping  analysis  are  as  follows: 

a.  Development  of  an  inflow  hydrograph(s )  to  the 
reservoir. 

b.  Routing  of  the  inflow  hydrograph(s)  through  the 
reservoir  to  determine  if  the  event(s)  analyzed  would  over¬ 
top  the  dam. 

c.  Routing  of  the  outflow  hydrograph(s)  from  the 
reservoir  to  desired  downstream  locations.  The  results 
provide  the  peak  discharged ) ,  time(s)  of  the  peak  dis¬ 
charged),  and  the  maximum  stage(s)  of  each  routed  hydro¬ 
graph  at  the  downstream  end  of  each  reach. 

The  evaluation  of  the  hydrologic-hydraulic  consequences 
resulting  from  an  assumed  structural  failure  (breach)  of  the 
dam  is  typically  performed  as  shown  below. 

a.  Development  of  an  inflow  hydrograph(s )  to  the 
reservoir. 


b.  Routing  of  the  inflow  hydrograph (s )  through  the 
reservoir. 


c.  Development  of  a  failure  hydrograph(s)  based  on 
specified  breach  criteria  and  normal  reservoir  outflow. 

d.  Routing  of  the  failure  hydrograph(s )  to  desired 
downstream  locations.  The  results  provide  estimates  of  the 
peak  discharge (s ) ,  time(s)  to  peak  and  maximum  water  surface 
elevations  of  failure  hydrographs  for  each  location. 
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HYDROLOGY  AND  HYDRAULIC  ANALYSIS 
DATA  BASE 


NAME  OP  DAM:  _ MACHAM  DAM _ 

PROBABLE  MAXIMUM  PRECIPITATION  (PMP)  -  22.2  INCHES/24  HOURS  (1) 


STATION 

1 

2 

3 

STATION  DESCRIPTION 

Macham  Dam 

DRAINAGE  AREA  (SQUARE  MILES) 

2.4 

CUMULATIVE  DRAINAGE  AREA 

(SQUARE  MILES) 

|  ADJUSTMENT  OF  PMF  FOR 

DRAINAGE  AREA  LOCATION  (%} 

6  SOURS 

114 

U  HOURS 

123 

24  HOURS 

132 

48  HOURS 

138 

72  HOURS 

- 

SNYDER  HYDROGRAPH  PARAMETERS 

ZONE  (2) 

11 

Cp  (3) 

0.62 

Ct  (3) 

1.50 

L  (MILES)  (4) 

2.2 

Lca  (MILES)  (4) 

1.0 

tp  -  Ct  (L-L,.*)0-3  (HOURS) 

1.90 

SPILLWAY  DATA 

CREST  LENGTH  (FEET) 

75 

FREEBOARD  (FEET) 

5.0 

^HYDROMETEOROLOGICAL  REPORT  40,  U.S.  WEATHER  BUREAU,  1965. 

(2)  HYDROLOGIC  ZONE  DEFINED  BY  CORPS  OF  ENGINEERS,  BALTIMORE  DISTRICT,  FOR 
DETERMINATION  OF  SNYDER  COEFFICIENTS  (Cp  AND  Ct) . 

/ 

(3)  SNYDER  COEFFICIENTS 

(4)  L  »  LENGTH  OF  LONGEST  WATERCOURSE  FROM  DAM  TO  BASIN  DIVIDE. 

Lca  -  LENGTH  OF  LONGEST  WATERCOURSE  FROM  DAM  TO  POINT  OPPOSITE  3AS1N  CENTROID. 
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GEOLOGY 


Macham  Dam  is  located  within  the  Low  Plateaus  section 
of  the  Appalachian  Plateau  Physiographic  Province  of  north¬ 
eastern  Pennsylvania.  In  this  area,  the  Low  Plateaus  sec¬ 
tion  is  characterized  by  flat  lying  sedimentary  rock  strata 
of  Upper  Devonian  age,  which  are  maturely  disected,  glaciated 
and  of  moderate  relief.  Overlying  rock  strata  is  a  variable 
thickness  of  glacial  drift  deposited  during  the  Illinonian 
and  Wisconsian  Glacial  Epochs.  The  general  direction  of  ice 
movement  in  this  area,  was  about  S30*W. 

From  the  report  entitled,  “Soils  and  Foundation  Report 
on  Site  of  Proposed  Macham  Dam,'1  information  from  three 
borings  and  seven  test  pits,  none  of  which  were  drilled  or 
dug  to  a  depth  greater  than  25  feet,  indicate  that  the 
material  underlying  the  dam  consists  of  glacial  till  ranging 
from  a  poorly  graded  gravel  to  a  silty  clay  of  medium  plas¬ 
ticity. 

The  sedimentary  rocks  underlying  the  glacial  material 
in  the  area  of  the  dam  and  reservoir,  are  members  of  the 
Susquehanna  Group  of  Upper  Devonian  age.  These  rocks  are 
characterized  by  red  to  brownish  shales  and  sandstones  with 
some  gray  and  greenish  sandstones. 


1Larsen,  H.  T.,  Soils  and  Foundation  Report  on  Site  of 
Proposed  Macham  Dam  Athens  Township,  Bradtord  County 
Pennsylvania,  196TI 

2Lohman,  S.  W.,  Groundwater  in  Northeastern  Pennsylvania, 
Pennsylvania  Geological  Survey.  Fourtn  series,  Bulletin 
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Oawayo  Formation 

Prawn  tab  and  jrwxf**  fray,  fine  mud 
medium  grained  mndetnnrn  with  name 
•hale*  and  neattered  mlm renun  tennen. 
ineluden  red  ekafee  tekirk  breome  more 
name  roan  enntumrd.  Relation  la  type 
Oewnge  not  penned. 

Catakill  Formation 

Chie/ht  red  tn  kroumiek  ekalea  and  mnd- 
ntanen;  inetnden  gray  and  greenioh  mnd- 
•tone  tongue •  named  Ktk  Mountain, 
Honemdnlr.  Shoketa,  and  Delaware  River 
in  the  erne* 


Marine  bed* 

Gray  to  olive  bra  ten  thole*,  grogwarke*. 
and  mndntnne*,  eantaine  "Chemung"  bed* 
and  tWlnge”  bed  a  me/udtng  Market. 
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Susquehanna  Group 

barbed  line  la  "Chaawmg-Ca  taltl  11"  con¬ 
tact  of  Second  Pennsylvania  Survey 
County  reports*  barbs  on  "Cbesmng"  aide 
of  line. 


The  bedrock  surface  is  covered  with  Pleistocene  age  Wisconsin 
and  Illinoian  till  coaiposed  of  sands,  gravels  and  silty  clays 
of  variable  thicknesses. 
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